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In this paper, a discrete mathematical model of a magnetic electrospinning process
is established and used to analyze numerically the effect of excitation current on
electrospinning instability. The charged jet is assumed to be discrete electrified particles,
which are joined by viscous flexible materials. The simulation results agree well with the
experimental data and show that the magnetic approach provides an effective way to
control instability.
© 2010 Elsevier Ltd. All rights reserved.
1. Introduction
Electrospinning technology is a very effective method for producing nanofibers economically. So it has become a hot
subject worldwide, and much work on experimental investigation, mathematical modeling, and instability analysis has
appeared in the open literature [1–7]. But the charged jet is unstable during the electrospinning process, which leads
to uneven construction of nanofibers and waste of energy, as well as other unwanted consequences. Therefore many
researchers have studied instability and tried to control the instability of the jet. For controlling the instability, magnetic
electrospinning is proposed, using a magnetic field to control the jet, as illustrated in Fig. 1.
In this paper, a discrete mathematical model of the magnetic electrospinning process is established and the moving
behavior of the jet is analyzed. The jet can be simulated as many discrete electrified particles, which are joined by viscous
flexible materials. The result indicates that the magnetic field creates a radial Lorenz force on the jet and so the jet shrinks
in the falling process. The relationships of the swing of the jet and its distance with different excitation currents applied
are obtained. From the relationships, we know that the swing scope with a magnetic field is smaller than that without a
magnetic field. The simulation results agree well with the experimental data and show that themagnetic field can influence
the jet at an appropriate distance.
2. The mathematical model
To describe themagnetic electrospun jet, we use Reneker’smodel [1]. The jet is simulated as a system of beads possessing
charge e and massm connected by viscoelastic elements as shown in Fig. 2.
This model doesn’t consider the coupling effects of the thermal field, electric field and magnetic field. Therefore, the
momentum equation for the motion of the beads is
m
d2ri
dt2
= FC + FE + Fve + FB + Fq (1)
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Fig. 1. Magnetic electrospinning setup (1—pump, 2—nozzle, 3, 4—high voltage supply, 5—excitation coil, 6—grounded collecting plate, 7—resistance).
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Fig. 2. A bending electrospun jet model.
where ri is the position of bead i, FC is the net Coulomb force, FE is the electric field force, Fve is the viscoelastic force, FB is
the surface tension force, and Fq is the Lorenz force.
FC =
−
j=1,N
j≠i
e2
R2ij
(ri − rj), (2)
where Rij is the distance between bead i and bead j.
FE = −eV0h k, (3)
where V0 is the electric voltage, and h is distance from the pendent drop to the collector.
Fve =
πa2i,i+1σ
2
i,i+1
li,i+1
(ri+1 − ri)−
πa2i−1,iσ
2
i−1,i
li−1,i
(ri − ri−1), (4)
where ai−1,i and ai,i+1 are the filament radii, σi−1,i is the stress which pulls i back to i− 1, and li−1,i is the segment length.
dσi−1,i
dt
= G 1
li−1,i
dli−1,i
dt
− G
µ
σi−1,i, (5)
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Fig. 3. The relationships between the maximum swing of the jet and the distance from the nozzle to grounded collecting plate with different excitation
currents (Rmax—the maximum swing of the jet; Z—the distance from the nozzle to the grounded collecting plate; V1—the applied voltage which is 15 kV;
B0, B1, B2, B3—different excitation currents applied which are 0 A, 2 A, 3 A, 4 A, respectively).
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Fig. 4. The relationships between the diameter of the jet and the distance from the nozzle to the grounded collecting platewith different excitation currents
(D—the diameter of the jet; Z—the distance from the nozzle to the grounded collecting plate; V1—the applied voltage which is 15 kV; B0, B1, B3—different
excitation currents applied which are 0 A, 2 A, 4 A, respectively).
where G and µ are the elastic modulus and viscosity, respectively.
FB = −απ(r
2)avki
(x2i + y2i )
1
2
[|xi|sign(xi)−→i + |yi|sign(yi)−→j ], (6)
where α is the surface tension coefficient, ki is the curvature of jet segment (i− 1, i+ 1).
Fq = eBdyidt
−→
i + eBdxi
dt
−→
j , (7)
where B is the magnetic induction.
3. Results and discussion
The discrete mathematical model is used to simulate the bending instability phenomenon in electrospinning with and
without magnetic field respectively. The charged jet is assumed to be discrete electrified particles, which are joined by
viscous flexible materials. The mathematical model provides a reasonable representation of the experimental data.
When we apply a magnetic field in the electrospinning, the problem can be completely overcome [2]. The current in the
jet, under themagnetic field, produces a centripetal force, i.e., the direction of the Ampere force is always towards the initial
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equilibrium point, leading to the swing scope with a magnetic field being smaller than that without a magnetic field. The
calculated results are shown as follows.
Fig. 3 shows the relationships between the swing of the jet and the distance from the nozzle to the grounded collecting
plate with different excitation currents applied in the magnetic electrospinning process. It can be seen that the swing scope
with a magnetic field is smaller than that without a magnetic field, and with the increase of excitation current, there has
appeared shrinking of the maximum swing of the jet. Similarly, Fig. 4 shows the diameter of the jet with different excitation
currents applied in themagnetic electrospinning process. In Fig. 4,we can see thatwith the increase of the excitation current,
the diameter of the jet is reduced. Comparison with the experimental data shows that the numerical simulation is effective,
and the magnetic approach is a valid way to control instability.
4. Conclusion
In conclusion, the magnetic approach is a very effective and economical way to control instability. A discrete
mathematical model is used to simulate the bending instability phenomenon with different excitation currents applied
in the magnetic electrospinning process. And the simulation results agree well with the experimental data and show that
the magnetic field can influence the charged jet at an appropriate distance.
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